Characters measured on the F5 generation of two crosses, p3 x nil3 and nk2 x nil1 between conditioned lines of Nicotiana rustica, were analysed to study (I) the persistence of the segregation between F1 individuals and (2) the conventional segregation in the later generations. Significant F1 segregation was found in four characters in the cross nk2 x nil1, height at flowering time, the length of the branch in the axil of the eighth leaf at flowering time, and the length and width of the eighth leaf while it was nearly significant for the height of the eighth leaf at flowering time. This item was not significant for any character in the p3 x nil3 cross. A standard biometrical genetical model was found to fit in the majority of cases confirming conventional segregation at the F2, F3 and F levels. Principle components analysis extracted three principle components from the seven characters measured in the F5 generation. The three components were the same for each cross and this information together with estimates of the numbers of effective factors segregating in these crosses suggested that for both crosses the parental lines differed by about 13 effective factors.
INTRODUCTION
IN an earlier paper Eglington and Moore (1973) have described the analysis of the effects of segregation in the F1 and later generations, as seen in the F4 and F5 generations, of two selected crosses, P8 x nil3 and nk2 x nil1, between pairs of conditioned lines of Nicotiana rustica. These analyses were carried out on the characters final height and flowering time. Additional characters were also measured in the F5 generation, two of which, height at flowering time and width of the eighth leaf were referred to in the previous paper as exhibiting segregation between F1 groups of plants. These two characters and three others measured on the F5 generation will be examined here.
MATERIALS
The origin of the F5 generation of the crosses p x nil8 and nk2 x nil1 and the experimental design have been described by Eglington and Moore (1973, Sections 1 and 2) .
REsULTs
The F5's of the two crosses p x nil8 and nk2 x nil1 have been analysed separately because they differ significantly from each other both in the expression of several characters and in the presence or absence ofF1 segregation in intermediate generations.
The analyses of variance of the individual crosses are presented in table 1 for the following five characters: (1) height at flowering time, (2) height of the eighth leaf at flowering time, (3) the length of the branch in the axil (5) the width of the eighth leaf, these will be referred to as characters 1 to 5 from here on. The analyses have the same structure as those presented in Perkins, Eglington and Jinks (1971, p. 450) as extended by Eglington and Moore (1973) to include the F4 and F5 generations.
The differences between F1 groups (Item 1) are those which were generated by segregation in the F1 generation, the size of the effects depending on the original F1 segregation and on the persistence of the effects through to the F5 generation. Reference cannot be made to previous generations for comparison as no characters other than final height and flowering time were measured before the F5 generation.
The P8 x nil3 cross has no character for which the difference between F1 groups is significant, in the cross n/c2 x nil1, however, characters I and 5 show a significant difference between F1 groups. Two other characters, 3 and 4, have no direct test for differences between F1 groups because of their significant interaction with blocks (Item 6). However, if the estimated variance component due to the block interaction is subtracted from the mean square for differences between F1 groups and the derived mean square is tested against the largest significant hierarchical main effect by variance ratio, the significance of the differences may be estimated. Such adjustment shows the differences between F1 groups to be significant for both characters (P = <0001 for character 3 and P = 0-001 -0005 for character 4).
(ii) F2, F3 and F4 segregation From table 1 it can be seen that the effects of segregation in the F2, F3 and F4 generations can be detected among the F5 progenies although it is significant infrequently at the F2 level and never significant at all three levels for any one cross/character combination. The nature of this variation can be investigated by fitting by least squares procedures (Mather and Jinks, 1971 ) a model with an additive (D), dominance (H), and additive environmental (E1) component of variation which assumes Mendelian autosomal inheritance, independence of genes in action and in distribution and no genotype-environmental interactions, to the four rank variances V2FCS, V3FC5, V4FC5 and V5FC5 (tables 2 and 3) derivable from the analyses of variance in table I. This model was satisfactory, having a significant joint regression and no significant residual or heterogeneity between blocks for characters 3 and 4 in the cross p3 x nil3. H was significant in block 1 and 1 + 2 but not in block 2 for character 3 (table 5) . Further analysis showed that the part of the joint regression over blocks due to H was significant at the 1-5 per cent, level. H was not significant for character 4 and a model with D and E1 only was adequate. Both D and E1 were found to be significant for character 4 but not for 3.
In the cross nk2 x nil1 the D, H, E1 model was satisfactory for all characters except 1, a model omitting H, however, was still adequate for characters 2, 3, 4 and 5 and D was significant for characters 2, 3 and 5 but not for 4.
was significant throughout. Where the model was not satisfactory (Characters 1, 2 and 5 in the cross p3 x nil3 and character I in the cross nk2 x nil1) this was due to a significant residual. When the joint regression was tested against this significant item it was non-significant. Presumably a more complex model is required which allows for the failure of some of the AMS2 Average mean square of Items 2, 3 and 4.
Other symbols as in table 1.
assumptions listed earlier but further parameters could not be fitted to these data as only four statistics were available.
(iii) .ffective factors
Estimates for the numbers of effective factors segregating in this model were obtained using the formula.
( range)2 D as described in the previous paper (Eglington and Moore, 1973) . The estimates obtained were eight for character 4 in the p3 x nil3 cross and five for both characters 2 and 5 in the n/c2 x nil1 cross. 4. Coiciusior.s The analysis of the F5 generation of the crosses p3 x nil3 and n/c2 x nil1 shows F1 segregation, expressed as differences between groups of plants in the F5 descended from different F1 individuals, to be present in the F5 generation of the n/c2 x nil1 cross for four out of the five characters and possibly for the fifth character also (P = 0.10-0.05). This confirms the analysis of earlier generations (Perkins, Eglington and Jinks, 1971) and of the characters final height and flowering time in the F5 generation (Eglington and Moore, 1973) which indicated the persistence of the effects of an F1 segregation to later generations at least in the n/c2 x nil1 cross. Significant effects of an F1 segregation have now also been found in the F3 generation of two crosses, n/c2 xp3 and n1 x /c3, of a 4 x 4 diallel set of crosses between n/c, p, n, and /c lines for both the characters final height and flowering time (Moore, unpublished) .
In the majority of cases the variation from the F2 generation onwards can be explained by a biometrical model consisting of an additive genetical, an additive environmental and in one case a dominance component of variation. This supports our earlier conclusions (Eglington and Moore, 1973 ) that this segregation is of the conventional kind.
That more than one, and possibly many effective factors are involved in the differences between lines which have received different conditioning treatments, previously indicated by estimates of three, three and five for p3 x nil3 final height and flowering time and n/c2 x nil1 flowering time, respectively, is confirmed by the new estimates of eight for the length of the eighth leaf in p3 xnil3 and five for the height of the eighth leaf at flowering time and for the width of the eighth leaf in the cross n/c2 x nil1.
Not all these characters, however, can be considered independently as 31/1-U 2 were final height and flowering time in the previous paper. Three principle components were extracted from the correlation matrix between the seven characters measured in the F5 by principle components analysis. These components were the same for each cross and were (1) the length of the branch in the axil of the eighth leaf and the two leaf measurements, (2) flowering time and the height of the eighth leaf at flowering time and (3) height at flowering time and final height.
These three principle components are consistent with the first three factors extracted by factor analysis, to which the principle components analysis approximates, from an analysis of fifteen characters of 82 inbred lines derived from a cross between varieties 1 and 5 of 1V. rustica (Eaves and Brumpton, 1972) .
Conditioning would thus appear to have caused lines to differ by a number of effective factors for three independent groups of characters suggesting an overall difference ascribable to at least 14 effective factors between p3 and nil3. The minimal number of effective factors common to flowering time (i) and the height of the eighth leaf (j) in nk2 x nil1 can be calculated in the following way
where r is the genotypic correlation between the ith andjth character and k1 and Ic15 are the numbers of effective factors calculated for i andj (Eaves and Brumpton, 1972) . k, to the nearest whole number, equals 1, giving an overall difference between n/c2 and nil1 of about 13 effective factors.
